To analyze the biological activities of the alphavirus glycoproteins, eight different monoclonal antibodies against the two glycoproteins of western equine encephalitis virus were isolated. Five of the eight monoclonal antibodies were shown to be specific for El 
Alphaviruses possess at least three antigens. Two surface antigens, the El and E2 envelope glycoproteins, are responsible for hemagglutination inhibition (HI) and neutralization (NT) (5, 6) . Serological grouping of alphaviruses is based upon their cross-reactivity in HI or NT tests (2, 10) , but the precise role of the two glycoproteins in those reactions is not well understood even in the case of Sindbis (SIN) virus, Semliki Forest virus, or western equine encephalitis (WEE) virus (5, 7, 8) .
We have been studying the functions of alphavirus glyco-(McAbs) inhibit the HA activity (1, 12) . Because (Cowan 1 strain) . The proteins bound to the bacteria were precipitated by centrifugation and eluted from the pelleted bacteria into a small volume of SDS-sample buffer by heating at 100°C for 2 min. After removal of bacteria by centrifugation, the supernatant was analyzed on SDS-polyacrylamide gel electrophoresis with virion markers (El, E2, and C).
mice primed with purified cloned hybridomas. The antibody subclasses of each monoclonal antibody were determined by the double immunodiffusion test with anti-mouse subclass antisera (Litton Bionetics, Inc., Kensington, Md.), and immunoglobulin Gl (IgGl), IgG2a, IgG2b, and IgG3 subclasses were detected (Table 1) . Before any HI test, all ascitic fluids and antisera were treated with acetone to remove HI inhibitors (9) . In some cases immunoglobulin was partially purified by half-saturated ammonium sulfate. The HI test was done by the technique of Clarke and Casals (4), with 1-day-old chicken erythrocytes instead of goose cells. For the NT test on chicken embryo fibroblast (CEF) cells, serial fivefold dilutions of heat-inactivated ascitic fluid were mixed with an equal volume of ca. 300 PFU of WEE virus, and the test was performed by the method described previously (13) .
Clonal hybridomas were obtained and screened for the production of antibodies directed against purified WEE virions by ELISA. Positive hybridomas were selected, cloned, and examined for antigenic specificity by radioimmunoprecipitation with solubilized purified virions. Eight clones produced antibodies against the purified intact WEE virus (Table 1 and Fig. 1 ). Clones 2, 4, 6, 7, and 8 produced anti-El antibody, and clones 1, 3, and 5 produced anti-E2 antibody. The specificity of the anti-El and E2 antibodies was also shown by ELISA with purified envelope glycoproteins El and E2 (Table 1 ) and by radioimmunoprecipitation with WEE virus-infected CEF cell lysates.
We examined the reactivity of these clones with precursor and mature glycoproteins. CEF cells were infected with WEE virus and pulse-labeled or pulse-chased. Cytoplasmic lysates prepared from the infected CEF cells were mixed with each clone. Figure 2 shows that clones 1 and 3 precipitated both PE2 and E2 proteins, whereas clone 5 precipitated only the E2 protein. It is possible that at least one epitope hidden in PE2 protein was revealed during the cleavage of PE2 so that clone 5 McAb had access to it in the E2 protein. McAbs specific to El were shown to react with El proteins which were pulsed for 15 min and those which were chased for 90 min (data not shown).
The original ascitic fluid of clone 7 McAb possessed moderate HI activity (Table 1) , whereas it caused marked HL inhibition, unlike the other clones (data for clone 5 shown in Table 2 ). This clone 7 McAb inhibited HL activity of WEE virus by more than 90%, even at a dilution that showed no HI activity ( a Antibodies were diluted with borate-buffered saline (pH 9.0). Each dilution was mixed with an equal volume of WEE virus suspension (200 HA units per 0.5 ml), and the mixture was allowed to stand at 35'C for 60 min. After incubation, HL activity in each mixture was determined according to the method described previously (16 (Table 1) . For a long time, based on the previous studies with monospecific antibodies to purified glycoproteins of SIN virus, it had tacitly been assumed that E2 antigen is involved in the NT reaction (5, 14) . However, in the case of SIN and Semliki Forest viruses, it was recently reported that not only anti-E2 McAb but also some anti-El McAbs exhibit NT activity (1, 3, 12) . These results indicate that both El and E2 McAbs are involved in neutralization of alphaviruses. Our data on NT activity also support the results of other laboratories showing that NT epitopes may not be restricted to the E2 protein.
